Although manipulation under anesthesia (MUA) has been considered effective firstline treatment for stiff total knee arthroplasty (TKA), there is no consensus regarding the usefulness of repeated MUA. The purpose of this study was to investigate the usefulness of repeated MUA performed for patients in whom satisfactory range of motion (ROM) was not achieved by MUA. The authors retrospectively reviewed 15 patients who underwent repeated MUA after failure of initial MUA for stiff TKA. Demographic and ROM data were collected. A final ROM of less than 90° was considered a failed manipulation (failure group) and a final ROM of 90° or more was considered a successful manipulation (success group). Average pre-repeated MUA ROM (72.3°±19.5°) immediately improved to 112.3°±9.7° (P<.001) in the operating room, and final ROM was 89.6°±23.9°, an overall gain of 17.3° (P=.04). However, despite this overall ROM increase, a successful final ROM (90° or more) was achieved in approximately half of patients (7 of 13; 54%). There were no significant differences in demographics between the success and failure groups, except that there was significantly less pre-TKA ROM in the failure group (P=.02). There were no complications related to either the first or the repeated MUA procedures. The findings of this study suggest that repeated MUA can improve overall ROM for stiff TKA. The success rate of repeated MUA was less than that of primary MUA; however, it is a useful treatment modality for stiff TKA. Decreased pre-TKA ROM appeared to be associated with poor outcomes after repeated MUA. [Orthopedics. 2015; 38(3):e157-e162.] The authors are from the Harris
S tiffness after total knee arthroplasty (TKA) is generally defined as less than 90° flexion postoperatively, and its prevalence has been reported to range from 2% to 16% after primary TKA. 1, 2 Inadequate range of motion (ROM) after TKA can be a challenging problem for patients and surgeons because it can deteriorate patients' ability to perform various activities of daily living, resulting in dissatisfaction with TKA outcomes.
Treatments for stiffness include aggressive physical therapy, manipulation under anesthesia (MUA), arthroscopic adhesiolysis, surgical debridement with or without component exchange, or revision arthroplasty. Of these treatment options, MUA is the most commonly used for patients with stiffness after TKA. 3 Numerous reports have demonstrated satisfactory ROM gain ranging from 26° to 44° after MUA. 1, [4] [5] [6] [7] In a recent study, Bawa et al 4 reported that most patients undergoing MUA experienced improvements in ROM, with a gain of 34°. They suggested that patients with diabetes mellitus, cruciate-retaining prostheses, and manipulation after 75 days experience a lower final ROM after MUA. Cates and Schmidt 5 also reported that 87% of patients undergoing MUA regained at least 90° of flexion.
However, previous studies reported the results of a single MUA procedure, and a paucity of data exists regarding the role of repeated MUA. Therefore, the current authors investigated the usefulness of repeated MUA performed for patients in whom satisfactory ROM was not achieved by MUA.
Materials and Methods
From 2001 to 2011, a total of 1293 primary TKAs were performed by one of authors (J.M.S.) at the authors' institution. Of these, 82 patients underwent MUA for stiffness after primary TKA, and 15 of 82 patients underwent repeated MUA after failure of initial MUA. These 15 patients were included in this study. This study was approved by the institutional review board of the authors' institution, and all investigations were conducted in conformity with ethical principles of research.
The study group comprised 4 men and 11 women with a mean age of 59 years (range, 45-76 years) at the time of initial manipulation. Average body mass index (BMI) was 30.5 kg/m 2 (range, 24-41.5 kg/ m 2 ). Four patients had a history of previous surgery on the same knee joint prior to the primary TKA. The diagnosis was osteoarthritis in 14 patients and posttraumatic arthritis in 1. All primary TKAs were performed by a single surgeon through a conventional medial parapatellar approach under general (n=11) or spinal (n=4) anesthesia. Implants included posterior cruciate ligament retaining in 13 patients and posterior cruciate ligament substituting in 2. The patella was resurfaced in all patients, and all components were implanted with cement. Average operative time was 89 minutes (range, 68-128 minutes). Average time from primary TKA to initial MUA was 7.5 weeks (range, 4-34 weeks). Most patients (n=13) underwent initial MUA within 8 weeks after primary TKA, and 2 patients underwent MUA at 11 and 34 weeks, respectively ( Table 1) .
The indication for MUA was knee flexion less than 90° at 4 to 6 weeks post-TKA and/or knee flexion of 90° with failure to progressive ROM gain over the initial 2 to 3 postoperative months. Careful physical examination and thorough radiographic evaluation were performed to rule out any mechanical cause for stiffness before manipulation. All MUAs were performed under general anesthesia. Under satisfactory anesthesia with adequate muscle relaxation, ROM and stability of the joint were examined. Then, manipulation was per- formed by flexing the ipsilateral hip to 90°. Holding the proximal leg, steady, gradually increasing pressure on the proximal tibia was applied to flex the knee joint until audible breakage of adhesion was heard. When the audible or palpable separation of adhesions no longer occurred, the maximally flexed joint was maintained for 1 minute.
When there was flexion contracture of the joint, the knee was manipulated into extension cautiously. Putting the heel on a bolster, gentle, firm downward pressure was applied on top of the joint. Final ROM was measured after the procedure using a goniometer. All manipulations were performed as same-day procedures, except 3 second manipulations that were performed under hospitalization with the use of a continuous passive motion machine. Patients received outpatient physical therapy until follow-up at 4 to 6 weeks. When patients did not show satisfactory ROM gain at 4-to 6-week follow-up, repeated MUA was indicated. Mean time between first and second MUA was 13 weeks (range, 2-49 weeks). Three patients refused to undergo another MUA immediately after the first MUA. They tried exercises first, then underwent the repeated procedures at 27, 30, and 49 weeks, respectively, after the first procedure. All repeated MUA procedures were performed under general anesthesia in the same manner as the first MUA procedures.
Demographic and ROM data were collected. Flexion and extension angles were measured by the surgeon or an orthopedic nurse practitioner before TKA, before and after each MUA, and at follow-up using a goniometer. Final ROM was defined as the arc of motion measured at most recent follow-up or at the time immediately prior to additional revision procedures for failed repeated MUA. A final ROM less than 90° was considered a failed manipulation, and a final ROM of 90° or more was considered a successful manipulation.
Two-sample t test and chi-square test were used to compare the means of continuous variables and differences in proportions between groups. A P value less than .05 was considered statistically significant.
results
Following the second MUA, average pre-repeated MUA ROM (72.3°±19.5°) immediately improved to 112.3°±9.7° (P<.001) in the operating room. At final follow-up, average ROM was 89.6°±23.9° (P=.04), an overall increase of 17.3° (Figure 1) . Average pre-repeated MUA extension deficit (6.3°±6.1°) did not statistically improve by final follow-up (3.4°±4.7°) (P=.17) (Figure 2) . Average pre-repeated MUA maximum flexion value (78.6°±16.0°) improved to 93.0°±21.2° (P=.05) at final follow-up (Figure 3) .
Two patients were lost to follow-up. Of the remaining 13 patients, 7 (54%) n Feature Article gained successful final ROM (success group) and 6 (46%) failed to gain satisfactory final ROM (failure group). In the success group, average pre-repeated MUA ROM (82.9°) improved to a final ROM of 107.1°, a 24.2° increase (P=.001). In the failure group, average pre-repeated MUA ROM (61.7°) improved to a final ROM of 69.2°, a 7.5° increase (P=.54) (Figure 4) . Two patients in the failure group underwent additional revision surgery at 2 and 6 months, respectively, after the second MUA due to poor ROM ( Table 2) .
There were no significant differences in demographics between the success and failure groups, but the failure group showed less pre-TKA ROM vs the success group (P=.02) ( Table 3 ). There were no significant complications related to either the first or the repeated MUA procedures.
discussion
Manipulation under anesthesia is commonly used as the first-line treatment option for stiffness after TKA. Because it can be performed under brief, light anesthesia without technical difficulty and extensive tissue damage, many surgeons prefer this procedure. 3 However, although there are many reports of satisfactory ROM gain by MUA, there is a paucity of data regarding the usefulness of repeated MUA for stiffness after TKA. Therefore, the current authors investigated the outcomes of repeated MUA.
Many variables have been suggested in the literature as predictors of failed MUA. Diabetes mellitus is a well-known predic- 
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tor of poor ROM results in MUA. 4, 8 High BMI has been demonstrated to have a greater incidence of MUA and lower preand postoperative ROM. 2, 3 Poor pre-TKA ROM is also known to be a significant risk factor of final ROM after TKA and MUA.
1,9,10 A history of previous surgeries and type of implant used may also play a role in ROM results. 4, 9 In the current study, 2 patients had diabetes mellitus and 4 had undergone previous surgeries. Average BMI was 30.5 kg/m 2 , and 13 patients had cruciate-retaining implants. However, these factors were not related to the outcome of repeated MUA.
One well-known factor that can influence the outcome of MUA is the time interval between TKA and MUA. Bawa et al 4 demonstrated that the interval between TKA and MUA inversely correlated with final ROM, with a decrease after 75 days, suggesting that early MUA could achieve a greater increase in ROM. Cates and Schmidt 5 reported that patients manipulated early (less than 8 weeks) gained more flexion from MUA than patients manipulated later. However, Keating et al, 1 Namba and Inacio, 11 and Scranton 8 reported no difference in ROM gain between MUA within 3 months vs after 3 months. In the current study, most patients (14 of 15) received the first MUA within 12 weeks, but all 15 patients failed to gain ROM. For the second MUA, 5 patients received MUA more than 12 weeks after the first MUA, but 3 achieved satisfactory ROM while 2 failed. The average time interval between the first and second MUA was longer than that between TKA and the first MUA (13. 12 reported that successful results were observed in 74% of patients receiving repeated MUA with a modified technique, which used epidural anesthesia continued for postoperative analgesia, a 1-to 3-day hospital stay after MUA with use of continuous passive motion, and daily physical therapy. Rubinstein and DeHaan 10 reported that 3 of 37 patients receiving MUA had to be re-manipulated 3 weeks after the initial MUA due to lack of ROM progress, resulting in satisfactory outcomes. In the current study, repeated MUA improved ROM in 10 of 13 patients, resulting in an overall average increase in ROM from 72.3°±19.5° to 89.6°±23.9° (P=.04). However, satisfactory ROM (90° or more) was achieved in only half of the patients, which was a considerably lower rate than that of previous studies of primary MUA. 5, 7 A less favorable outcome may be attributed to further scar tissue formation by repeated MUA and each patient's own healing process, and the etiophysiology of stiffness after TKA is still unclear. Compared with previous studies of repeated MUA, the success rate of the current study was less favorable. However, it is difficult to compare the outcomes directly because "successful results" were not clearly defined in the previous study. 12 Further comparison of the success vs failure groups in the current study demonstrated that patients in whom repeated MUA failed had less pre-TKA ROM than those in the success group.
There are several limitations to this study. First, as a retrospective study, there was no standardized protocol for management of stiffness during the study n Feature Article 
conclusion
In this study, average ROM of stiff TKA after failed MUA improved 17.3° with repeated MUA. The success rate of repeated MUA was less than that of primary MUA; however, it is still a useful treatment modality for stiff TKA, with a 54% of success rate. Decreased pre-TKA ROM appeared to be associated with poor outcomes after repeated MUA.
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